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(57) A process for producing an electronic device 
material of a high quality MOS-type semiconductor com- 
prising an insulating layer and a semiconductor layer ex- 
cellent in the electrical characteristic. The process in- 
cludes: a step of CVD-treating a substrate to be proc- 
essed comprising single-crystal silicon as a main com- 
ponent, to thereby form an insulating layer; and a step 
of exposing the substrate to be processed to a plasma 
which has been generated from a process gas on the 
basis of microwave irradiation via a plane antenna mem- 
ber having a plurality of slots, to thereby modify the in- 
sulating film by using the thus generated plasma. 
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Description 

Technical Field 

[0001] The present invention relates to a process 
which is suitably usable for the production of materials 
to be used for electronic devices. The process for pro- 
ducing a material for electronic device according to the 
present invention may be used, for example, forforming 
an MOS-type semiconductor structure. 



Background art 

[0002] Hitherto : various kinds of layer-forming tech- 
niques have been used in the cases of the formation of 
plural layers constituting semiconductors or semicon- 
ductor materials. Representative examples of these lay- 
er-forming techniques may include, e.g., vacuum evap- 
oration processes, sputtering processes, and CVD 
(chemical vapor deposition) processes. Among these 
layer-forming techniques, the CVD process has certain 
characteristics such that it can provide a high film-form- 
ing deposition rate for the layer formation, and it can ac- 
complish the film formation within a relatively short pe- 
riod. Accordingly, the CVD process has been used for 
many steps in the production of various kinds of mate- 
rials for electronic devices or semiconductors such as 
MOS-type semiconductor devices. 
[0003] In general, the production process according 
to the present invention is widely applicable to the pro- 
duction of materials for electronic devices. For the con- 
venience of explanation, however, the background art 
relating to an EPROM, an embodiment of the nonvolatile 
memory called "flash memory", will be described here. 
[0004] EPROM has, for example a multi-layer struc- 
ture as shown in Fig. 12. 

[0005] Referring to Fig. 12, the multi-layer structure 
of the EPROM comprises: a substrate 100 to be proc- 
essed comprising p-type single-crystal silicon; a multi- 
layer structure disposed on the substrate 100, wherein 
an insulating layer 101 of Si0 2 , and semiconductor lay- 
ers 102 and 103 of polycrystal silicon are alternatively 
stacked while forming predetermined patterns; and a 
metal layer 104 of a metal (aluminum, copper, etc.) dis- 
posed on the multi-layer structure. 
[0006] In such a semiconductor device, the above- 
mentioned CVD process is widely used for forming the 
semiconductor layers 1 02 and 1 03 of polycrystal silicon, 
and the interlayer Si0 2 layers disposed therebetween. 
[0007] However, in the layers formed by the CVD 
process, the resultant surface roughness, and defects 
in the film are relatively noticeable, and the valences of 
atomic bonding called "dangling bonds" are liable to be 
formed so that the dangling bonds are directed toward 
the inside of the film. When these dangling bonds are 
formed so that they are directed toward the inside of the 
film, the dangling bonds can affect the flows of electrons 
in this layer and other adjacent layers. As a result, there 



can occur a problem such that electric characteristics of 
the layer can be deteriorated, and the quality of the re- 
sultant electronic device per se can be deteriorated ac- 
cordingly. 

5 

Disclosure of Invention 

[0008] An object of the present invention is to provide 
a process for producing a material for electronic device 
10 which can solve the above-mentioned problems en- 
countered in the prior art. 

[0009] Another object of the present invention is to 
provide a production process which can improve the 
electrical characteristic of the layer constituting an elec- 
ts tronic device (semiconductor, for example) so as to pro- 
vide an electronic device having an excellent quality. 
[0010] A further object of the present invention is to 
provide a process for producing a material for electronic 
device which can provide an electronic device (MOS- 
20 type semiconductor, for example) having an insulating 
layer and a semiconductor layer excellent in the electri- 
cal characteristic. 

[0011] The present invention provides a process for 
producing an electronic device material, comprising: a 

25 step of exposing a substrate to be processed comprising 
at least a substrate for an electronic device, and an in- 
sulating film disposed on the substrate, to a plasma 
which has been generated from a process gas on the 
basis of microwave irradiation via a plane antenna mem- 

30 ber having a plurality of slots, to thereby modify the in- 
sulating film. 

[0012] The present invention also provides a process 
for producing an electronic device material, comprising: 
a step of exposing a substrate to be processed compris- 

35 jng at least a substrate for an electronic device, a first 
Si0 2 film disposed on the substrate, a first polycrystal 
silicon layer disposed on the first Si0 2 film, and asecond 
Si0 2 film disposed on the first polycrystal silicon layer; 
to a plasma which has been generated from a process 

40 gas on the basis of microwave irradiation via a plane 
antenna member having a plurality of slots, to thereby 
modify the second Si0 2 film. 

[0013] The present invention further provides a proc- 
ess for producing an electronic device material, com- 

45 prising: a step of exposing a substrate to be processed 
comprising at least a substrate for an electronic device, 
and an insulating film disposed on the substrate, to a 
plasma which has been generated from a process gas 
on the basis of microwave irradiation via plane antenna 

so member having a plurality of slots, to thereby modify the 
insulating layer; and a step of forming a metal layer on 
the insulating layer. 
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Brief Description of Drawings 
[0014] 

Fig. 1 is a schematic view (schematic plan view) 
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showing an example of the semiconductor manu- 
facturing equipment for conducting the process for 
producing an electronic device material according 
to the present invention. 

Fig. 2 is a schematic vertical sectional view showing 5 
an example of the plasma processing unit compris- 
ing a slot plain (or planar) antenna (hereinafter, re- 
ferred to as "SPA"), which is usable in the process 
for producing electronic device material according 
to the present invention. 10 
Fig. 3 is a schematic plan view showing an example 
of the SPA which is usable in an apparatus for pro- 
ducing electronic device material according to the 
present invention. 

Fig. 4 is a schematic vertical sectional view showing 15 
an example of the CVD processing unit which is us- 
able for a process for producing electronic device 
material according to the present invention. 
Fig. 5 is a flow chart showing examples of the re- 
spective steps in the production process according 20 
to the present invention. 

Figs. 6A-6D are schematic sectional views in the 
vertical direction showing examples of the states of 
a flash memory according to the present invention 
in the course of the fabrication thereof. 25 
Figs. 7A-7D are schematic sectional views in the 
vertical direction showing examples of the states of 
a flash memory according to the present invention 
in the course of the fabrication thereof. 
Figs. 8A-8D are schematic sectional views in the 30 
vertical direction showing an example of the state 
of a flash memory according to the present inven- 
tion in the course of the fabrication thereof. 
Fig. 9 is a graph for comparing various process con- 
ditions and the qualities of insulating films to be ob- 35 
tained under such process conditions. 
Fig. 1 0 is a flow chart showing examples of the re- 
spective steps in the production process for a logic 
device according to a second embodiment of the 
present invention. 40 
Figs. 1 1 A-1 1 F are schematic sectional views in the 
vertical direction showing examples of the produc- 
tion process for a logic device according to the sec- 
ond embodiment of the present invention. 
Fig. 1 2 is a schematic sectional view in the vertical *s 
direction showing a representative flash memory. 

[001 5] I n the above-mentioned figures, the respective 
reference numerals have the following meanings: 
[0016] W: wafer (substrate to be processed), 60: SPA so 
(plane antenna member), 23: insulating film (first Si0 2 
film), 32: plasma processing unit (process chamber). 33: 
CVD processing unit (process chamber), 47: heating re- 
action furnace. 

55 

Best Mode for Carrying Out the Invention 

[0017] Hereinbelow, the present invention will be de- 



scribed in detail with reference to the accompanying 
drawings as desired. In the following description, "% u 
and M part(s) n representing a quantitative proportion or 
ratio are those based on mass, unless otherwise noted 
specifically. 

(Production process for electronic device materials) 

[0018] The production process for an electronic de- 
vice material according to the present invention com- 
prises, at least, a step of exposing a substrate (or base 
material) to be processed comprising at least a layer of 
electronic device material, and an insulating film dis- 
posed on the layer of electronic device material, to a 
plasma which has been generated from a process gas 
on the basis of microwave irradiation via (or through the 
medium of) a plane antenna member having a plurality 
of slots, to thereby modify the insulating film. 

(Electronic device material) 

[0019] The electronic device material to be usable in 
the present invention is not particularly limited, but may 
appropriately be selected from one kind or combination 
of at least two kinds of known electronic device materi- 
als. Examples of such an electronic device material may 
include: semiconductor materials, liquid crystal device 
materials, etc. Examples of the semiconductor material 
may include: materials comprising silicon as a main 
component (such as single-crystal silicon, poly-silicon, 
and amorphous silicon), materials comprising silicon ni- 
tride film as a main component, and materials compris- 
ing silicon germanium as a main component. 

(Insulating film) 

[0020] The insulating film to be disposed on the layer 
of above-mentioned electronic device material is not 
particularly limited, but may appropriately be selected 
from one kind or combination of at least two kinds of 
known insulating films for electronic device materials. 
Examples of such an insulating film may include: silicon 
oxide (Si0 2 ) films, silicon nitride (SiN) films, etc. In view 
of thermal history or thermal hysteresis, and productiv- 
ity, the silicon oxide film may preferably be a film which 
has been formed by CVD. 

(Process gas) 

[0021] The process gas to be usable in the present 
invention is not particularly limited, but may appropriate- 
ly be selected from one kind or combination of at least 
two kinds of known process gases usable for the pro- 
duction of electronic devices. The examples of such a 
process gas may include: a mixed gas comprising an 
inert gas and oxygen (0 2 ), or an inert gas, nitrogen (N 2 ) 
and hydrogen (H 2 ). 
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(Inert gas) 

[0022] The inert gas to be usable in the present inven- 
tion is not particularly limited, but may appropriately be 
selected from one kind or combination of at least two 
kinds of known inert gases usable for the production of 
electronic devices. The examples of such an inert gas 
may include krypton (Kr), xenon (Xe), helium (He) or ar- 
gon (Ar). 

[0023] In the insulating film modification according to 
the present invention, in view of the characteristic of the 
modified film to be formed, the following modifying con- 
ditions may suitably be used. 

[0024] 0 2 : 1-1000 seem, more preferably 10-500 se- 
em 

[0025] Inert gas (for example, Kr, Ar, He or Xe): 
200-3000 seem, more preferably 500-2000 seem, 
[0026] H 2 : 1 -200 seem, more preferably 1 -50 seem, 
[0027] Temperature: room temperature (25 °C) to 700 
°C, more preferably room temperature to 500 °C 
[0028] Pressure: 20-5000 mTorr, more preferably 
20-3000 mTorr, particularly preferably, 50-2000 mTorr 
[0029] Microwave: 0.5-5 W/cm 2 , more preferably 1 -4 
W/cm 2 



(Examples of suitable condition) 

[0030] In the production process according to the 
present invention, in view of the characteristic of the 
modified film to be formed, the following conditions may 
be exemplified as preferred examples thereof. 
[0031 ] A preferred example of process gas: gas com- 
prising 0 2 or N 2 at a flow rate of 10-500 seem, and Kr, 
He, Xe or Ar at a flow rate of 500-2000 seem. 
[0032] A preferred example of Si0 2 film-treating con- 
dition: room temperature to 500 °C. 
[0033] A preferred example of Si0 2 film-treating con- 
dition: 2.7-270 Pa (20-2000 mTorr) 
[0034] A preferred example of Si0 2 film-forming con- 
dition: plasma which has been generated by an output 
of 1-4 W/cm 2 . 

(Embodiment of modifying Si0 2 film disposed on 
polycrystal silicon layer) 

[0035] The present invention also provides as another 
embodiment, a process for producing an electronic de- 
vice material, comprising: a step of exposing a substrate 
to be processed comprising at least a substrate for an 
electronic device, a first Si0 2 film disposed on the sub- 
strate, a first polycrystal silicon layer disposed on the 
first Si0 2 film, and a second Si0 2 film disposed on the 
first polycrystal silicon layer; to a plasma which has been 
generated from a process gas on the basis of microwave 
irradiation via a plane antenna member having a plural- 
ity of slots, to thereby modify the second Si0 2 film. When 
such an Si0 2 film disposed on the polycrystal silicon lay- 
er is modified in this manner, the resultant operational 



reliability can advantageously be improved. 
[0036] As the control gate electrode for a flash mem- 
ory, for example, it is possible to form a second poly- 
crystal silicon layer on the above-mentioned second 
5 Si0 2 film which has been modified in this manner. In- 
stead of the second Si0 2 film, it is also possible to form 
another insulating f ilm, such as SiN, or stacked or multi- 
layer structure comprising SiN and Si0 2 . When the sec- 
ond polycrystal silicon layer is formed on such a modi- 
10 tied Si0 2 film, the resultant operational reliability can fur- 
ther be improved advantageously 
[0037] When the above-mentioned first polycrystal 
silicon layer, the second Si0 2 film and/or the second 
polycrystal silicon layer are formed by using CVD, it is 
15 more advantageous than thermal oxidation as a reduc- 
tion in the thermal history. In view of the productivity, it 
is most preferred to form all of these first polycrystal sil- 
icon layer, second Si0 2 film and second polycrystal sil- 
icon layer by using CVD. 
20 [0038] The above-mentioned embodiment of the pro- 
duction process for an electronic device material, can 
further comprises: between the step of forming the first 
polycrystal silicon layer and the step of forming the sec- 
ond Si0 2 film on the first polycrystal silicon layer; and/ 
25 or after the formation of the second polycrystal silicon 
layer; a step of exposing the substrate to be processed 
to the plasma which has been generated from a process 
gas on the basis of microwave irradiation via a plane 
antenna member having a plurality of slots, to thereby 
30 modify the first or second polycrystal silicon layer. As 
described above, when the process further includes an 
additional step of exposing the substrate to be proc- 
essed to plasma which has been generated from the 
process gas based on the microwave irradiation via a 
35 plane antenna member, the surface of the first and sec- 
ond polycrystal silicon layers may be smoothed, where- 
by the reliability of the second Si0 2 film can be expected 
to be improved. In addition, the oxidation resistance of 
the first and second polycrystal silicon may be improved 
40 by this step, and therefore a change in the area of the 
polycrystal silicon in the subsequent step may be ex- 
pected to be suppressed. Further, when the polycrystal 
silicon surface is oxidized in this process by using the 
process gas plasma which has been generated via SPA, 
45 the second Si0 2 can also be formed. This step can be 
conducted at a low temperature. In the ordinary thermal 
oxidation process, the device characteristic can be de- 
teriorated by a high temperature. However, when the 
above-mentioned step is used, an oxide film can be 
so formed while suppressing the degradation of the device 
characteristic due to a thermal process (diffusion of do- 
pant, etc.). 

(Embodiment of forming metal layer on modified 
55 insulating layer) 

[0039] The present invention also provides, as a fur- 
ther embodiment, a process for producing an electronic 
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device material, comprising: a step of exposing a sub- 
strate to be processed comprising at least a substrate 
for an electronic device, and an insulating film disposed 
on the substrate, to a plasma which has been generated 
from a process gas on the basis of microwave irradiation 
via plane antenna member having a plurality of slots, to 
thereby modify the insulating layer; and a step of forming 
a metal layer on the insulating layer. When the metal 
layer is formed on the insulating film which has been 
modified in this manner, the operation reliability can ad- 
vantageously be improved, or the leakage can advan- 
tageously be reduced. 

(Material of insulating film) 

[0040] In the above production process for an elec- 
tronic device, examples of the former insulating film 
(gate insulator, for example) may include: one or at least 
two kinds selected from the group including: known ma- 
terials such as Si0 2 , SiON and SiN having a iow dielec- 
tric constant; AI2O3, Zr0 2 , Hf0 2 , Ta 2 O s having a high 
dielectric constant; silicates such as ZrSiO, HfSiO and 
aluminates such as ZrAIO. 

(Plane antenna member) 

[0041] In the production process for electronic device 
material according to the present invention, a high-den- 
sity plasma having a low electron temperature is gener- 
ated by irradiating microwave via a plane antenna mem- 
ber having a plurality of slots; and a film is modified by 
utilizing the thus generated plasma. As a result, the 
present invention can provide a process which accom- 
plishes a light plasma damage, and a high reactivity at 
a low temperature. 

[0042] The film which has been modified according to 
the present invention is one which has been modified 
by using the high-density plasma having a low electron 
temperature generated by irradiating microwave via a 
plane antenna member having a plurality of slots, and 
accordingly, the dangling bonds in the film are terminat- 
ed in an ideal sate. As a result, the insulation character- 
istic of the film per se can be improved, to thereby pro- 
vide an electronic device material (for example, semi- 
conductor material) having an excellent characteristic. 
In addition, this process can be conducted by setting the 
wafer temperature, and the chamber temperature to a 
low temperature, and therefore the process can be an 
energy-saving process. 

(Preferred plasma) 

[0043] Preferred plasma characteristics of the plasma 
which may preferably been used in the present invention 
are as follows. 

Electron temperature: 0.5-2.0 ev 

Density: 1 E10 to 5E12 cnr 3 

Uniformity in plasma density: + 10% or less 



[0044] According to the present invention, a modified 
insulating film having a high quality can be formed. 
Therefore, it is easy to form a semiconductor device 
structure having an excellent characteristic by forming 
5 another layer (for example, electrode layer) on this mod- 
ified insulating film. 

(Preferred characteristic of insulating film) 

10 [0045] The present invention may easily form a mod- 
ified insulating film having a preferred characteristic as 
follows. 

[0046] Reduction in leakage current: the electric pow- 
er consumption of the resultant device is lowered, and 
15 when applied to a flash memory, a long storage- 

retention time can be accomplished. 
[0047] Improvement in reliability: the deterioration 
along with an increase in the number of operations can 
be suppressed. 

20 

(Preferred characteristic of semiconductor structure) 

[0048] The applicable range or extent of the produc- 
tion process according to the present invention is not 
25 particularly limited. A high-quality modified insulating 
film which can be formed by the present invention can 
be utilized as an insulating film for constituting a flash 
memory structure. 

[0049] The present invention can easily provide a 
30 flash memory structure having a preferred characteristic 
as follows. In addition, when the characteristic of the in- 
sulating film which has been modified by the present in- 
vention is evaluated, for example, instead of evaluating 
the property of the above-mentioned insulating film per 
35 se, it is possible that a standard flash memory structure 
as described in a paper (IEEE TRANSACTIONS ON 
ELECTRONIC DEVICES, Vol46, No.9, SEPTEMBER 
1 999 pp1 866-1 871 ) is formed, and the characteristic of 
the resultant flash memory is evaluated. This is be- 
40 cause, in such a standard flash memory structure, the 
characteristic of the insulating film constituting the flash 
memory structure has a strong influence on the resultant 
flash memory characteristic. 

[0050] Characteristic: excellent stability in repetitive 
45 operations 

(Embodiment of producing electronic device material) 

[0051 ] Hereinbelow, an embodiment in the present in- 

50 vention will be described. 

[0052] At first, there is described a manufacturing 
equipment which is usable for the process for producing 
a flash memory according to the present invention. 
[0053] Fig. 1 is schematic view (schematic plan view) 

55 showing an example of the total arrangement of an elec- 
tronic device (semiconductor device)-manufacturing 
equipment 30 for conducting the process for producing 
electronic device material according to the present in- 
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vention. 

[0054] As shown in Fig. 1 , in a substantially central 
portion of the semiconductor manufacturing equipment 
30, there is disposed a transportation chamber 31 for 
transporting a wafer W (Fig. 2). Around the transporta- 
tion chamber 31 , there are disposed: a CVD processing 
unit 33, a plasma processing unit 32 for conducting var- 
ious treatments on the wafer, two load lock units 34 and 
35 for conducting the communication/cutoff operations 
between the respective processing chambers, a heating 
unit 36 for operating various heating treatments, and a 
heating reaction furnace 47 for conducting various heat- 
ing treatments on the wafer. These units are disposed 
so as to surround the transportation chamber 31 . Alter- 
natively, it is also possible to provide the heating reac- 
tion furnace 47 independently and separately from the 
semiconductor manufacturing equipment 30. 
[0055] On the side of the load lock units 34 and 35, a 
preliminary cooling unit 45 and a cooling unit 46 for con- 
ducting various kinds of preliminary cooling and cooling 
treatments are disposed. 

[0056] In the inside of transportation chamber 31, 
transportation arms 37 and 38 are disposed, so as to 
transport the wafer W (Fig. 2) between the above-men- 
tioned respective units 32-36. 

[0057] On the foreground side of the load lock units 
34 and 35 in this figure, loader arms 41 and 42 are dis- 
posed. These loader arms 41 and 42 can put wafer W 
in and out with respect to four cassettes 44 which are 
set on the cassette stage 43, which is disposed on the 
foreground side of the loader arms 41 and 42. 
[0058] Further, the plasma processing unit 32 and the 
CVD processing unit 33 can be exchanged. It is possible 
to exchange the plasma processing unit 32 and the CVD 
processing unit 33 with each other; and/or it is possible 
to set one or two of single-chamber type CVD process- 
ing unit or plasma processing unit in the position of the 
plasma processing unit 32 and CVD processing unit 33. 

(One embodiment of plasma processing) 

[0059] Fig. 2 is a schematic sectional view in the ver- 
tical direction showing a plasma processing unit 32 
which is usable in the processing according to the 
present invention. 

[0060] Referring to Fig. 2, reference numeral 50 de- 
notes a vacuum container made of, e.g., aluminum. In 
the upper portion of the vacuum container 50, an open- 
ing portion 51 is formed so that the opening portion 51 
is larger than a substrate (for example, wafer W). A top 
plate 54 in a flat cylindrical shape made of a dielectric 
such as quartz and aluminum oxide is provided so as to 
cover the opening portion 51 . In the side wall of the up- 
per portion of vacuum container 50 which is below the 
top plate 54, gas feed pipes 72 are disposed in 16 po- 
sitions, which are arranged along the circumferential di- 
rection so as to provide equal intervals therebetween. 
A process gas comprising at least one kind of gas se- 



lected from 0 2 , inert gases, N 2 , H 2> etc., can be supplied 
into the plasma region P in the vacuum container 50 
from the gas feed pipes 72 evenly and uniformly 
[0061 ] On the outside of the top plate 54, there is pro- 
5 vided a radio-frequency power source, via a plane an- 
tenna member having a plurality of slits, which compris- 
es a slot plane antenna (SPA) 60 made from a copper 
plate, for example. As the radio-frequency power 
source, a waveguide 63 is disposed on the top plate 54 
10 by the medium of the SPA 60, and the waveguide 63 is 
connected to a microwave power supply 61 for gener- 
ating microwave of 2.45 GHz, for example. The 
waveguide 63 comprises a combination of: a flat circular 
waveguide 63A, of which lower end is connected to the 
15 SPA 60; a circular waveguide 63B, one end of which is 
connected to the upper surface side of the circular 
waveguide 63A; a coaxial waveguide converter 63C 
connected to the upper surface side of the circular 
waveguide 63B; and a rectangular waveguide 63D, one 
20 end of which is connected to the side surface of the co- 
axial waveguide converter 63C so as to provide a right 
angle therebetween, and the other end of which is con- 
nected to the microwave power supply 61 . 
[0062] In the present invention, a frequency region in- 
25 eluding UHF and microwave is referred to as radio-fre- 
quency (or high-frequency) region. The radio-frequency 
power supplied from the radio-frequency power source 
may preferably have a frequency of not smaller than 300 
MHz and not larger than 2500 MHz, which may include 
30 UHF having a frequency of not smaller than 300 MHz 
and microwave having a frequency of not smaller than 
1 GHz. In the present invention, the plasma generated 
by the radio-frequency power is referred to as "radio- 
frequency plasma". 
35 [0063] In the inside of the above-mentioned circular 
waveguide 63B, an axial portion 62 of an electroconduc- 
tive material is coaxially provided, so that one end of the 
axial portion 62 is connected to the central (or nearly 
central) portion of the SPA 60 upper surface, and the 
40 other end of the axial portion 62 is connected to the up- 
per surface of the circular waveguide 63B, whereby the 
circular waveguide 63B constitutes a coaxial structure. 
As a result, the circular waveguide 63B is constituted so 
as to function as a coaxial waveguide. 
45 [0064] In addition, in the vacuum container 50, a stage 
52 for carrying the wafer W is provided so that the stage 
52 is disposed opposite to the top plate 54. The stage 
52 contains a temperature control unit (not shown) dis- 
posed therein, so that the stage can function as a hot 
50 plate. Further one end of an exhaust pipe 53 is connect- 
ed to the bottom portion of the vacuum container 50, 
and the other end of the exhaust pipe 53 is connected 
to a vacuum pump 55. 

55 (One embodiment of SPA) 

[0065] Fig. 3 is a schematic plan view showing an ex- 
ample of SPA 60 which is usable in an apparatus for 



6 



BNSDCCID: <EP 1361606A1 J_> 



11 



EP 1 361 606 A1 



12 



producing an electronic device material according to the 
present invention. 

[0066] As shown in this Fig. 3, on the surface of the 

SPA 60, a plurality of slots 60a, 60a are provided in 

the form of concentric circles. Each slot 60a is a sub- 
stantially square penetration -type groove. The adjacent 
slots are disposed perpendicularly to each other and ar- 
ranged so as to form a shape of alphabetical 'T'-type 
character. The length and the interval of the slot 60a ar- 
rangement are determined in accordance with the 
wavelength of the microwave supplied from the micro- 
wave power supply unit 61 . 

(One embodiment of CVD processing unit) 

[0067] Fig. 4 is schematic sectional view in the vertical 
direction showing an example of the CVD processing 
unit 33 which is usable in an apparatus for producing an 
electronic device material according to the present in- 
vention. 

[0068] As shown in Fig. 4, a processing chamber 82 
of the CVD processing unit 33 is formed into an air-tight 
structure by using aluminum, for example. A heating 
mechanism and a cooling mechanism are provided in 
the processing chamber 82, although these mecha- 
nisms are not shown in Fig. 4. 

[0069] As shown in Fig. 4, a gas introduction pipe 83 
for introducing a gas into the processing chamber 82 is 
connected to the upper central portion of the processing 
chamber 82, the inside of the processing chamber 82 
communicates with the inside of the gas introduction 
pipe 83. In addition, the gas introduction pipe 83 is con- 
nected to a gas supply source 84. A gas is supplied from 
the gas supply source 84 into the gas introduction pipe 
83, and the gas is introduced into the processing cham- 
ber 82 through the gas introduction pipe 83. As the gas 
in this case, it is possible to use one of various gases 
such as raw material gas for forming a gate electrode 
(electrode-forming gas) such as silane, for example. As 
desired, it is also possible to use an inert gas as a carrier 
gas. 

[0070] A gas exhaust pipe 85 for exhausting the gas 
in the processing chamber 82 is connected to the lower 
portion of the processing chamber 82, and the gas ex- 
haust pipe 85 is connected to exhaust means (not 
shown) such as vacuum pump. On the basis of the ex- 
haust means, the gas in the processing chamber 82 is 
exhausted through the gas exhaust pipe 85, and the 
processing chamber 82 is maintained at a desired pres- 
sure. 

[0071] In addition, a stage 87 for carrying wafer W is 
provided in the lower portion of the processing chamber 
82. 

[0072] In the embodiment as shown in Fig. 4, the wa- 
fer W is earned on the stage 87 by means of an electro- 
static chuck (not shown) having a diameter which is sub- 
stantially the same as that of the wafer W. The stage 87 
contains a heat source means (not shown) disposed 



therein, to thereby constitute a structure wherein the 
surface of the wafer W to be processed which is carried 
on the stage 87 can be adjusted to a desired tempera- 
ture. 

5 [0073] The stage 87 has a mechanism which is capa- 
ble of rotating the wafer W carried on the stage 87, as 
desired. 

[0074] In Fig. 4, an opening portion 82a for putting the 
wafer w in and out with respect to the processing cham- 
10 ber 82 is provided on the surface of the right side of the 
processing chamber 82 in this figure. The opening por- 
tion 82a can be opened and closed by moving a gate 
valve 98 vertically (up and down direction) in this figure. 
In Fig. 4, a transportation arm (not shown) for transport- 
is ing the wafer is provided adjacent to the right side of the 
gate valve 98. In Fig. 4, the wafer W can be carried on 
the stage 87, and the wafer W after the processing 
thereof is transported from the processing chamber 82, 
as the transportation arm enters the processing cham- 
20 ber 82 and goes out therefrom through the medium of 
the opening portion 82a. 

[0075] Above the stage 87, a shower head 88 as a 
shower member is provided. The shower head 88 is 
constituted so as to define the space between the stage 

25 87 and the gas introduction pipe 83 s and the shower 
head 88 is formed from aluminum, for example. 
[0076] The shower head 88 is formed so that the gas 
exit 83a of the gas introduction pipe 83 is positioned at 
the upper central portion of the shower head 88. The 

30 gas is introduced into the processing chamber 82 
through gas feeding holes 89 provided in the lower por- 
tion of the shower head 88. 

(Embodiment of production of electronic device 
35 material) 

[0077] Next, there is described one embodiment of 
the production process for an electronic device material 
according to the present invention. 

40 [0078] Fig. 5 is a flowchart showing a process for pro- 
ducing an electronic device material according to this 
embodiment. Figs. 6 to 8 are schematic vertical section- 
al views showing the respective manufacturing steps for 
a flash memory cell according to this embodiment. 

45 [0079] In this embodiment, at first, as shown in Fig. 5 
and Fig. 6B, a wafer W comprising p-type Si as a sub- 
strate to be processed is selectively subjected to ion im- 
plantation and annealing steps, to thereby form a buried 
(or embedded) type data line (impurity-buried layer) 22 

50 as an n+ layer (step 1 ). 

[0080] Next, as shown in Fig. 6C, in order to form a 
first insulating film, the surface of the wafer W is heated 
or CVD-treated, to thereby form an Si0 2 film (first Si0 2 
film) 23 on the entire surface of the wafer W (step 2). 

55 Herein, when the Si0 2 film 23 is formed by heating ox- 
idation, the heating unit 36 or heating reaction furnace 
47 (Fig. 1 ) can be used. When the Si0 2 f ilm 23 is formed 
by a CVD process, the CVD processing unit 33 (Fig. 1 ) 
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can be used. 

[0081] Next, as shown in Fig. 6D, the wafer W on the 
surface which the first SiO a film 23 has been formed, is 
brought into the CVD processing unit 33 chamber, to 
thereby form a polycrystal silicon layer 24 (first polycrys- 
tal silicon layer) on the surface of the above-mentioned 
first Si0 2 film 23 (step 3). 

[0082] Subsequently, the first polycrystal silicon layer 
is selectively subjected to etching, e.g., by using a pho- 
to-lithography and dry etching techniques so as to con- 
duct the patterning thereof (step 4), to thereby form a 
floating gate 25 on the Si0 2 film as shown in Fig. 7A. 
[0083] Next, the wafer W is again brought into the 
CVD processing unit 33 (Fig. 1) so as to subject the sur- 
face of the wafer to CVD processing, to thereby form a 
second Si0 2 layer 26 as a second insulating layer on 
the above-mentioned exposed floating gate 25 (step 5). 
[0084] Next, the wafer W is brought into the plasma 
processing unit 32 (Fig. 1), and the second Si0 2 layer 
26 is plasma-treated, to thereby modify the second Si0 2 
layer 26 (step 6). 

[0085] More specifically, the transportation arms 37 
and 38 are caused to enter the CVD processing unit 33, 
and the wafer W on the surface of which the Si0 2 layer 
has been formed is taken out from the CVD processing 
unit 33. Subsequently, a gate valve (not shown) provid- 
ed at the side wall of the vacuum container 50 in the 
plasma processing unit 32 is opened, and the above- 
mentioned wafer W is placed on the stage 52 by means 
of transportation arms 37 and 38. 
[0086] Next, the gate valve was closed so as to seal 
the inside of the vacuum container 50, and then the inner 
atmosphere therein is exhausted by the vacuum pump 
55 through the exhaust pipe 53 so as to evacuate the 
vacuum container 50 to a predetermined degree of vac- 
uum and a predetermined pressure in the container 50 
is maintained. On the other hand, microwave (e.g., of 
1 .80 GHz and 2200 W) is generated by the microwave 
power supply 61 , and the microwave is guided by the 
waveguide so that the microwave is introduced into the 
vacuum container 50 via the SPA 60 and the top plate 
54, whereby radio-frequency plasma is generated in the 
plasma region P of an upper portion in the vacuum con- 
tainer 50. 

[0087] Herein, the microwave is transmitted in the rec- 
tangular waveguide 63D in a rectangular mode, and is 
converted from the rectangular mode into a circular 
mode by the coaxial waveguide converter 63C. The mi- 
crowave is then transmitted in the cylindrical coaxial 
waveguide 63B in the circular mode, and transmitted in 
the flat-plate waveguide 63A in the radial direction, and 
is emitted from the slots 60a of the SPA 60, and pene- 
trates the plate 54 and is introduced into the vacuum 
container 50. In this case, microwave is used, and ac- 
cordingly high-density plasma can be generated. Fur- 
ther, the microwave is emitted from a large number of 
slots 60a of the SPA 60, and accordingly the plasma is 
caused to have a highly uniform distribution. 



[0088] Subsequently, while the wafer W is heated to 
400 °C, for example, by regulating the temperature of 
the stage 52, the modifying treatment is conducted by 
introducing via the gas feed pipe 72 a process gas for 
5 an oxide film formation comprising an inert gas such as 
krypton and argon, and 0 2 gas at predetermined flow 
rates. 

[0089] For example, this plasma treatment may pref- 
erably be conducted inthefollowing conditions. A mixed 

10 gas comprising 0 2 at a flow rate of 5-50 seem and kryp- 
ton at a flow rate of 500-2000 seem is used as the proc- 
ess gas, and at a temperature of 300-700 °C, at a pres- 
sure of 2.7-135 Pa (20-1000 mTorr), under an output of 
1-3 W/cm 2 of plasma source, the plasma treatment may 

15 preferably be conducted. 

[0090] In this step, the introduced process gas is ac- 
tivated (converted into radicals) by the plasma flux 
which has been generated in the plasma processing unit 
32, and the Si0 2 film 26 covering the top surface of the 

20 wafer W is modified by the thus generated plasma. In 
this manner, the above-mentioned modifying step is 
conducted, e.g., for 40 seconds, and the surface of the 
Si0 2 film 26 disposed on the top surface of the wafer W 
is subjected to the plasma from the above process gas, 

25 to thereby modify the Si0 2 film. The plasma generated 
from the process gas at this time has a low electron tem- 
perature, and therefore, the bias between the plasma of 
the process gas and the Si0 2 film 26 has a low value. 
As a result, when the plasma of the process gas is 

30 caused to contact the Si0 2 film 26, the impact provided 
to the Si0 2 film 26 is a little. When the so-called process 
gas plasma collides with the surface of the Si0 2 film 26, 
the resultant plasma damage provided to the Si0 2 film 
26 is a little. Therefore, the dangling bonds present in 

35 the surface of the Si0 2 film 26 and in the inside thereof 
are appropriately terminated, to thereby provide a Si0 2 
film 26 in the state of a high-quality and fine grain or 
texture. 

[0091] Next, after the modification due to the plasma 
40 is conducted in this manner, the resultant product is sub- 
jected to patterning, e.g., by selective etching (such as 
photo-lithography and dry etching techniques) (step 7). 
[0092] Subsequently, the wafer W of which patterning 
has been completed is brought into the CVD processing 
45 unit 33, and the wafer W is heated in the CVD process- 
ing unit 33, in the presence of, e.g., a process gas such 
as silane gas : to thereby form a second polycrystal sili- 
con layer 27 on the whole surface of the above-men- 
tioned modified Si0 2 film 26 as shown in Fig. 7D (step 
so 8). 

[0093] Next, the second polycrystal silicon layer 27 is 
subjected to patterning by a selective etching method 
(step 9), to thereby form a control gate 28 as shown in 
Fig. 8A. 

55 [0094] Subsequently, as shown in Fig. 8B, a third in- 
sulating layer (Si0 2 film) 29 is formed on the control gate 
28 by CVD, for example (step 10). 
[0095] Subsequently, as shown in Fig. 8C, the third 
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insulating layer is subjected to patterning so as to ex- 
pose a portion of the data line (n+ layer) 22 (step 11). 
[0096] Further, as shown in Fig. 8D, a metal such as 
aluminum is deposited on the insulating layers 23, 26 
and 29, and on the data line 22 by vacuum evaporation, 
to thereby form a metal layer 31 (step 12). Further, the 
metal layer 31 is subjected to patterning (by photo-li- 
thography and selective etching, for example) so as to 
form an electrode (step 13). 

[0097] Subsequently, a cell manufacturing steps are 
completed by the respective steps such as insulating 
film formation step, passivation layer formation step, 
contact-hole formation step and interconnection (or wir- 
ing) formation step in accordance with a general proce- 
dure (with respect to such cell manufacturing steps in- 
cluding insulating film formation step, passivation layer 
formation step, contact-hole formation step and inter- 
connection formation step, a publication "ULSI TECH- 
NOLOGY" McGRAW-HILL INTERNATIONAL EDI- 
TIONS. C.YCHANG, S.M.SZE may be referred to). 
[0098] In the above-mentioned step (step 6) for mod- 
ifying the Si0 2 film 26, at the time of modifying the Si0 2 
film 26, the wafer W comprising single-crystal silicon as 
a main component is irradiated with microwave in the 
presence of a process gas via a plane antenna member 
(SPA) having a plurality of slots, so as to form plasma 
comprising oxygen (0 2 ) and an inert gas, to thereby 
modify the Si0 2 film 26 by using the thus generated 
plasma. As a result, a high-quality film can be provided, 
and the control of the film quality can successfully be 
conducted. 

[0099] The quality of the oxide film (SiO s film 26) after 
the above-mentioned modification is high as shown in 
the graph of Fig. 9. 

[0100] Fig. 9 is a graph showing the results of evalu- 
ating the reliability of the Si0 2 film 26 which has been 
modified by subjecting the surface of the Si0 2 film 26 to 
plasma via SPA by the modifying step (step 6) consti- 
tuting the above-mentioned embodiment of the process 
for producing an electronic device material. 
[0101] In this graph, the ordinate shows the value of 
the failure rate, and the abscissa shows the Qbd value 
(dielectric breakdown electric charge). 
[01 02] The device structure to be used for this meas- 
urement was manufactured by a method as shown by 
the following items 1-7. 

1 : Substrate 

[0103] As the substrate, a P-type or N-type silicon 
substrate is used, and the substrate has a specific re- 
sistance of 1-30 Q cm, and a plane orientation of (100). 
A 500 A-sacrificial oxide film is formed on the surface of 
the silicon substrate. 

2: Preliminary washing prior to gate oxidation 

[0104] The sacrificial oxide film and contaminating el- 



ements (metals organic matters, particles) were re- 
moved by using the RCA-washing by use of a combina- 
tion of APM (liquid mixture of ammonia, aqueous hydro- 
gen peroxide, and pure water), HPM (liquid mixture of 
5 hydrochloric acid, aqueous hydrogen peroxide, and 
pure water) and DHF (liquid mixture of hydrofluoric acid 
and pure water). 

3: Film formation of Si0 2 film 

10 

[01 05] An Si0 2 film was formed by CVD. A 60 A-CVD 
oxide film (High Temperature Oxide: HTO) was formed, 
by using a 30 minute-treatment wherein SiH 2 CI 2 and 
N 2 0 were flown onto the above-mentioned substrate 
15 which had been heated to 780 °C at flow rates of 200 
seem and 400 seem, respectively, and the pressure was 
maintained at 60 Pa. 

4: Plasma oxidization process 

20 

[0106] The silicon substrate on which the Si0 2 film 
had been formed in the above step 3 was modified by 
the following method. The silicon substrate on which the 
Si0 2 film had been formed in the above step 3 was heat- 

25 ed to 400 °C, an inert gas and oxygen were flown onto 
the substrate at flow rates of 1000 seem and 20 seem, 
respectively, and the pressure was maintained at 
1 3-1 07 Pa (1 00 mTorr-900 mTorr). Such an atmosphere 
was irradiated with microwave of 3 W/cm 2 via a plane 

30 antenna member (SPA) having a plurality of slots so as 
to generate plasma including oxygen and the inert gas, 
and the Si0 2 film obtained in the step 3 was modified 
by using the thus generated plasma. 

35 5: Film formation of poly-silicon 

[0107] A poly-silicon film was formed by a CVD meth- 
od as a gate electrode on the Si0 2 film which had been 
formed in the above steps 3 and 4. The silicon substrate 

40 having the Si0 2 film formed thereon was heated to 630 
°C, and a silane gas was introduced onto the substrate 
at 250 seem under a pressure of 33 Pa, and this state 
was maintained for 30 min., to thereby form a poly-sili- 
con film for an electrode having a film thickness of 3000 

45 a on the Si0 2 film. 

6: Doping of P (phosphorus) to poly-silicon 

[0108] The silicon substrate which had been obtained 
50 in the above step 5 was heated to 800 °C, and POCI 
gas, oxygen and nitrogen were introduced onto the sub- 
strate at normal pressure at 350 seem, 200 seem, and 
20000 seem, respectively, and this state was maintained 
for 24 min., to thereby dope the inside of the poly-silicon 
55 with phosphorus. 
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7: Patterning, gate etching 

[01 09] The silicon substrate which had been obtained 
in the above step 6 was subjected to patterning by li- 
thography, and the silicon substrate was immersed in a 
liquid chemical having a ratio of HF : HN0 3 : H 2 0 = 1 : 
60: 60 for three minutes so as to dissolve a portion of 
the poly-silicon which had not been subjected to the pat- 
terning, to thereby fabricate an MOS capacitor. 
[0110] The measurement of the resultant MOS ca- 
pacitor was conducted by thefollowing method. A stress 
of a fixed electric current of -0.1A/cm 2 was applied to 
the capacitor having a gate electrode area of 10000 
urn 2 , so that the Break Down Time (Tbd), a period until 
the dielectric breakdown was to be caused was meas- 
ured. The dielectric breakdown electric charge (Qbd) is 
the absolute value of the product of current stress of -0.1 
A/cm 2 and the above-mentioned Tbd. 
[01 1 1 ] The graph (1 ) shows the Qbd value of an Si0 2 
film (High Temperature Oxide: HTO) which had been 
formed by a conventional CVD method for the purpose 
of reference. The graph (2) shows the Qbd value of the 
product which had been obtained by plasma-processing 
the above-mentioned Si0 2 film at a pressure of 1 00 
mTorr by use of SPA in the presence of 0 2 and krypton 
as an inert gas. The graph (3) shows the Qbd value of 
the product which had been obtained by plasma- 
processing the above-mentioned Si0 2 film at a pressure 
of 500 mTorr by use of SPA in the presence of 0 2 and 
krypton. Similarly, the graph (4) shows the Qbd value of 
the product which had been obtained by plasma- 
processing the above-mentioned Si0 2 film at a pressure 
of 900 mTorr by use of SPA in the presence of 0 2 and 
krypton. 

[01 1 2] As clearly understood from the graph of Fig. 9, 
the Qbd value of the of S»0 2 film which had been mod- 
ified according to the present invention is higher than 
the Si0 2 film which had been formed by a conventional 
CVD method. As a result, it is expected that the present 
invention provides a high-quality device having a high 
reliability in view of the device characteristic. 
[0113] As described above, the process for producing 
an electronic device according to the present invention 
could form an oxide film having a higher quality by mod- 
ification, as compared with that of the conventional CVD 
oxide film. 

(Presumed mechanism for high-quality modified 
insulating film) 

[01 1 4] According to the present inventor's knowledge 
and investigations, the reason for the improvement in 
the film quality of the insulating film which has been 
formed by the above-mentioned process may be pre- 
sumed as follows. 

[0115] Thus, the plasma which has been formed by 
irradiating a process gas with microwave by use of an 
SPA is one having a high density and a relatively low 



electron temperature. Therefore, the present invention 
can generate high-density radicals, and the bias be- 
tween the plasma and the surface of the substrate to be 
processed can be suppressed to a relatively low value, 

5 and the plasma damage is light. Therefore, it is consid- 
ered that the dangling bonds present in the Si0 2 film 
can appropriately be terminated by the oxygen reactive 
species which have been generated by the plasma, and 
the weak Si-Si bond is changed into a strong Si-O-Si 

10 bond, to thereby form an Si0 2 fiim having a good electric 
characteristic as shown in Fig. 9 by modification. 

Examples 

15 [0116] Hereinbelow, the present invention will be de- 
scribed in further detail with reference to Examples. 
[0117] An about 1 0 nm-thick first Si0 2 film is formed 
on a substrate to be processed comprising single-crys- 
tal silicon as a main component, and the above-men- 

20 tioned substrate to be processed is CVD-treated, to 
thereby form an about 100 nm-300 nm thick first poly- 
crystal silicon layer on the above first Si0 2 film. Then, 
the above-mentioned substrate to be processed is sub- 
jected to CVD -processing and a high -temperature oxi- 

25 dation heat treatment, to thereby form a second Si0 2 
film having a thickness of about 5-10 nm on the above- 
mentioned first polycrystal silicon layer. 
[0118] The resultant object to be processed is placed 
on a stage which has been heated to 400 °C, and the 

30 surface of the second Si0 2 film is exposed for about 2 
min., under an atmosphere of argon of 1000 seem, ox- 
ygen gas of 50 seem (total pressure of 500 mT) to the 
plasma which has been generated by irradiating the at- 
mosphere with microwave of 2 W/cm 2 via an SPA (Slot 

35 Plain Antenna). As a result of these steps, the second 
Si0 2 film which has been subjected to CVD and high- 
temperature oxidation heating processing is modified so 
as to improve the characteristic of the second Si0 2 film. 
[0119] The present invention is not limited to the 

40 above-mentioned embodiment. For example, in the 
above embodiment, the insulating layer (layers of Si0 2 ) 
26 between the two polycrystal silicon layers 25 and 28 
is selectively surface-treated by using the process gas 
plasma which has been generated via SPA. However, it 

45 is also possible to surface-treat another insulating layer 
(e.g., either one or both of the Si0 2 layers 23 and 29) in 
a similar manner by using the process gas plasma wh ich 
has been generated via SPA. 

[0120] In addition, when the surfaces of the two poly- 
50 crystal silicon layers 25 and 28 are surface-modified by 
using the process gas plasma which has been generat- 
ed via SPA, the surfaces of the two polycrystal silicon 
layers 25 and 28 are smoothened, and it is expected 
that the insulating layer 26 (layer formed from Si0 2 or 
55 SiN) between the polycrystal silicon layers 25 and 28 is 
caused to have an improved reliability. In addition, when 
an inert gas and nitrogen gas are used as the process 
gas in this step, etc., the oxidation resistance of the poly- 
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crystal silicon layers 25 and 28 is improved, and it is 
expected that a variation in the area of the polycrystai 
silicon in the subsequent step can be suppressed. 
[0121] Further, when the surface of the polycrystai sil- 
icon layer 25 is oxidized by using the process gas plas- 
ma which has been generated via SPA, it is also possi- 
ble to form the Si0 2 constituting the layer 26. This step 
can conduct the treatment at a low temperature. In the 
ordinary thermal oxidation process, the device charac- 
teristic can be deteriorated due to a high temperature. 
By use of the step according to the present invention, 
however, an oxide film can be formed while suppressing 
the deterioration of the device characteristic (such as 
diffusion of a dopant). 

[0122] In this case, it is possible that until the forma- 
tion of the layers 25-27, the steps can be conducted in 
an automatic and continuous manner in a semiconduc- 
tor manufacturing equipment as shown in Fig. 1 , without 
exposing the resultant treated product to the atmos- 
phere. As a result, it is expected that the reliability in the 
semiconductor performance is improved and the man- 
ufacturing steps can be simplified. 

(Second embodiment) 

[0123] Hereinbelow, a second embodiment of the 
present invention will be described. In this second em- 
bodiment, an insulating film is surface-modified with an 
SPA plasma processing during the process for produc- 
ing a logic device. 

[01 24] Fig. 1 0 is a flowchart showing the manufactur- 
ing steps for the logic device relating to this embodi- 
ment. Figs. 11 A to 11 Fare schematic vertical sectional 
views showing the manufacturing steps for the logic de- 
vice relating to this embodiment. 
[01 25] The production steps for the logic device relat- 
ing to this embodiment can roughly classified into the 
following flows. 

[0126] Element separation (or isolation) -> MOS tran- 
sistor fabrication -> capacity fabrication — » interlayer in- 
sulating film formation and wiring (or interconnection). 
[0127] Hereinbelow, a general example will be de- 
scribed with respect to the fabrication of an MOS struc- 
ture which is a preceding process during the fabrication 
of the MOS transistor including a process using an SPA. 

1 : A P-type or N-type silicon substrate is used as a 
substrate, and the substrate has a specific resistance of 
1-30 £2 cm, and a plane orientation of (100). 

[0128] As desired, in accordance with an intended 
use, the silicon substrate has been subjected to element 
isolation steps such as STI and LOCOS, or to channel 
implantation, whereby a sacrificial oxide film is formed 
on the silicon substrate (Fig. 11 A), on which a gate oxide 
film and a gate insulator are to be formed. 



2: Preliminary washing prior to formation of gate oxide 
film (gate insulator) 

[0129] In general, the sacrificial oxide film and con- 
5 taminating elements (metals, organic matters, particles) 
are removed by using the RCA-washing by use of a 
combination of APM (liquid mixture of ammonia, aque- 
ous hydrogen peroxide, and pure water), HPM (liquid 
mixture of hydrochloric acid, aqueous hydrogen perox- 
10 ide, and pure water) and DHF (liquid mixture of hy- 
drofluoric acid and pure water). As desired, in some cas- 
es, it is also possible to use SPM (liquid mixture of sul- 
furic acid and aqueous hydrogen peroxide), water con- 
taining ozone, FPM (liquid mixture of hydrofluoric acid, 
15 aqueous hydrogen peroxide, and pure water), aqueous 
hydrochloric acid (liquid mixture of hydrochloric acid and 
pure water), organic alkali, etc. 

3: Formation of gate oxide film (gale insulator) 

20 

[0130] The gate insulator-forming steps are roughly 
classified into a process using thermal oxidation and a 
process using CVD. Herein, the formation of a gate in- 
sulator using CVD is mainly described. In the formation 
25 of the gate insulator by CVD, a raw material gas (for ex- 
ample, SiH 4 and N 2 0) is supplied onto the above-men- 
tioned silicon substrate which has been heated to a tem- 
perature in a range of 200 °C to 1 000 °C, so that reactive 
species formed by heat (for example, Si radicals and o 
30 radicals) are caused to react on the surface of the film, 
to thereby form a film (e.g., Si0 2 ). The reactive species 
can also be generated by plasma. In general, as the film 
thickness of the gate oxide film, a film thickness of 1 nm 
to 10 nm is used (Fig. 11 B). 

35 

4: Modifying treatment of gate insulator by SPA plasma 

[0131] The insulating film which has been obtained in 
the above step 3 is oxidized by mainly using an inert gas 

40 and oxygen as a gas for forming the SPA plasma, to 
thereby modify the CVD film. The effect of the oxidation 
may include an intended effect of improving the film 
quality by converting the weak Si-Si bonds into strong 
Si-O-Si bonds. In addition, it is possible to conduct a 

45 nitriding plasma treatment by using a gas comprising an 
inert gas and nitrogen as a gas for forming the SPA plas- 
ma. The effect of the nitriding may include a reduction 
in the film thickness due to an enhancement in the die- 
lectric constant, the suppression of diffusion of the do- 

50 pant from the gate electrode (Fig. 11 B). 

5: Film formation of poly-silicon for gate electrode 

[01 32] On the gate insulator (comprising a gate oxide 
55 film, a gate oxynitriding film) which has been formed in 
the above-mentioned steps 3 and 4, a film of poly-silicon 
(inclusive of amorphous silicon) is formed as a gate 
electrode of an MOS transistor by a CVD method. The 
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silicon substrate on which the gate insulator has been 
formed is heated at a temperature in a range of 500 °C 
to 650 °C, and a silicon-containing gas (silane, disilane, 
etc.) is introduced onto the substrate under a pressure 
of 1 0 to 1 00 Pa, to thereby form a poly-silicon film for an 
electrode having a film thickness of 50 nm to 500 nm on 
the gate insulator. As the gate electrode, silicon germa- 
nium or a metal (such as W, Ru, TiN, Ta, Mo) can be 
used as the substitution for poly-silicon (Fig. 11 C). 
[0133] Subsequently, the patterning of the gate, and 
selective etching are conducted so as to form an MOS 
capacitor (Fig. 11 D) and ion etching is conducted so as 
to form a source and a drain (Fig. 11 E). Then, as sub- 
sequent steps, there is conducted a wiring process com- 
prising a combination ot formation of an interlayer insu- 
lating film, patterning, selective etching, and metal film 
formation, whereby a logic device according to this em- 
bodiment is obtained (Fig. 11 F). 

[0134] In this embodiment, an oxide film (SiO a film) is 
formed as an insulating film, but it is possible to form 
insulating film comprising another composition. As the 
gate insulator, it is possible to form one or at least two 
kinds selected from the group including: known materi- 
als such as Si0 2 , SiON and SiN having a low dielectric 
constant; Al 2 0 3 , Zr0 2 , Hf0 2 , Ta 2 O s having a high die- 
lectric constant; silicates such as ZrSiO, HfSiO and alu- 
minates such as ZrAIO. 

[0135] In this embodiment, the activated atoms sup- 
plied from the plasma having a low temperature and a 
high density which has been generated via an SPA, 
have an effect of terminating the surface and inside of 
a film. In addition, in this embodiment, it is expected that 
nitrogen-containing reactive species supplied from the 
plasma which has been generated from a gas compris- 
ing an inert gas and nitrogen, may enter the inside of 
the surface layer of a film, to thereby provide a barrier 
for suppressing the diffusion of a dopant from the poly- 
crystal silicon. 

Industrial Applicability 

[0136] As described hereinabove, according to the 
present invention, an insulating film disposed on a sub- 
strate for an electronic device is irradiated with micro- 
wave via a plane antenna member having a plurality of 
slots (i.e., by use of a method using a so-called SPA), 
so as to directly supply the plasma onto the silicon sub- 
strate, to thereby modify the insulating film (for example, 
Si0 2 film). As a result, the dangling bonds in the insu- 
lating film surface or inside of the film can preferably be 
terminated without damaging the insulating film per se. 
Accordingly, the present invention can provide a high- 
quality insulating film, and accordingly a high-quality 
electronic device (a semiconductor device, for exam- 
ple). 



Claims 

1 A process for producing an electronic device mate- 
rial, comprising: a step of exposing a substrate to 

5 be processed comprising at least a substrate for an 
electronic device, and an insulating film disposed 
on the substrate, to a plasma which has been gen- 
erated from a process gas on the basis of micro- 
wave irradiation via a plane antenna member hav- 

10 ing a plurality of slots, to thereby modify the insulat- 
ing film. 

2. A process for producing an electronic device mate- 
rial according to claim 1 , wherein the substrate for 

15 an electronic device is a semiconductor material. 

3. A process for producing an electronic device mate- 
rial according to claim 1 or 2, wherein the substrate 
for an electronic device comprises single-crystal sil- 

20 icon as a main component. 



A process for producing an electronic device mate- 
rial according to any one of claims 1 -3, wherein the 
substrate for an electronic device is a material for a 
liquid crystal device. 



25 



30 



A process for producing an electronic device mate- 
rial according to any one of claims 1-4, wherein the 
insulating film is an insulating film which has been 
formed by CVD. 



6. A process for producing an electronic device mate- 
rial according to any one of claims 1 -5, wherein the 
process gas comprises an inert gas and oxygen 

35 (0 2 ) and/or nitrogen (N 2 ), hydrogen (H 2 ). 

7. A process for producing an electronic device mate- 
rial according to any one of claims 1 -6, wherein the 
inert gas is krypton, argon or helium. 

40 

8. A process for producing an electronic device mate- 
rial according to claim 7, wherein the process gas 
comprises 0 2 at a flow rate of 1 -1 000 seem; krypton, 
helium, xenon or argon at a flow rate of 200-3000 

45 seem; and hydrogen at a flow rate of 1 -200 seem. 

9. A process for producing an electronic device mate- 
rial according to any one of claims 1 -8, wherein the 
insulating film is a silicon oxide (Si0 2 ) film, and the 

50 insulating film is modified at a temperature of room 
temperature to 700 °C. 

10. A process for producing an electronic device mate- 
rial according to any one of claims 1 -9, wherein the 

55 insulating film is an Si0 2 film, and the insulating film 
is modified at a pressure of 20-5000 mTorr. 



11 . A process for producing an electronic device mate- 
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rial according to any one of claims 1-10, wherein 
the plasma is formed at an output of 0.5-5 W/cm 2 . 

1 2. A process for producing an electronic device mate- 
rial, comprising: a step of exposing a substrate to 
be processed comprising at least a substrate for an 
electronic device, a first Si0 2 film formed on the 
substrate, a first polycrystal silicon layer disposed 
on the first Si0 2 film, and a second Si0 2 film dis- 
posed on the first polycrystal silicon layer; to a plas- 
ma which has been generated from a process gas 
on the basis of microwave irradiation via a plane an- 
tenna member having a plurality of slots, to thereby 
modify the second Si0 2 film. 

13. A process for producing an electronic device mate- 
rial according to claim 12, wherein a second poly- 
crystal silicon layer is formed on the second Si0 2 
film. 

1 4. A process for producing an electronic device mate- 
rial according to claim 12 or 13, wherein the first 
polycrystal silicon layer and/or the second Si0 2 film 
has been formed by CVD. 

15. A process for producing an electronic device mate- 
rial according to claim 1 3, wherein the second poly- 
crystal silicon layer is formed by CVD. 

16. A process for producing an electronic device mate- 
rial according to any one of claims 12-15, wherein 
the second Si0 2 film on the first polycrystal silicon 
layer is formed by CVD. 

17. A process for producing an electronic device mate- 
rial according to any one of claims 12-16, wherein 
the substrate for an electronic device is a semicon- 
ductor material. 



wave irradiation via a plane antenna member hav- 
ing a plurality of slots, to thereby modify the first or 
second polycrystal silicon layer. 

5 21 . A process for producing an electronic device mate- 
rial, comprising: a step of exposing a substrate to 
be processed comprising at least a substrate for an 
electronic device, and an insulating film disposed 
on the substrate, to a plasma which has been gen- 

10 erated from a process gas on the basis of micro- 
wave irradiation via plane antenna member having 
a plurality of slots, to thereby modify the insulating 
layer; and 

a step of forming a metal layer on the insulat- 
es jng layer. 

22. A process for producing an electronic device mate- 
rial according to claim 21 , wherein the insulating film 
is formed by CVD. 

20 

23. A process for producing an electronic device mate- 
rial according to claim 21 or 22, wherein the sub- 
strate for an electronic device comprises Si as a 
main component. 

25 

24. A process for producing an electronic device mate- 
rial according to any one of claims 21-23, wherein 
the insulating layer is one or at least two kinds se- 
lected from the group consisting of: Si0 2 , silicon ox- 

30 ynitride film (SiON), silicon nitride (SiN), aluminum 
oxide (Al 2 0 3 ), zirconium oxide (Zr0 2 ), hafnium ox- 
ide (Hf0 2 ), silicates and aluminates. 

25. A process for producing an electronic device rnate- 
35 rial according to claim 24, wherein the silicate is one 

having a composition of ZrSiO or HfsiO, and/or the 
aluminate is one having a composition of ZrAlO or 
HfAIO. 



18. A process for producing an electronic device mate- *o 
rial according to c any one of claims 12-17, wherein 
the substrate for an electronic device comprises 
single-crystal silicon as a main component. 

19. A process for producing an electronic device mate- *s 
rial according to any one of claims 12-18, wherein 
the substrate for an electronic device is a material 

for a liquid crystal device. 

20. A process for producing an electronic device mate- 50 
rial according to any one of claims 12-19, which fur- 
ther comprises: between the step of forming the first 
polycrystal silicon layer and the step of forming the 
second Si0 2 film on the first polycrystal silicon lay- 
er; and/or after the formation of the second poly- 55 
crystal silicon layer; a step of exposing the substrate 

to be processed to the plasma which has been gen- 
erated from a process gas on the basis of micro- 
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